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SYSTEM AND METHOD FOR OPTIMIZING 
A PROGRAM 

BACKGROUND 

Whole program analysis enables an aggressive form of 
optimization that is applied on a full program basis. The goal 
of Whole program analysis is to analyze substantially the 
entire program during the compilation phase to obtain the 
most effective optimization possible. One dif?culty With 
Whole program analysis is that the compiler used to compile 
the program normally does not have access to the entire 
program and, therefore, all of the information it needs to 
optimize the program. Instead, the compiler typically only 
“sees” the program ?les that are provided to the compiler by 
the programmer (i.e., user). Accordingly, the compiler nor 
mally cannot take into account any information contained in, 
for example, previously compiled object ?les of a library or 
a separate load module. Without having access to this 
information, the compiler cannot identify all the different 
relationships betWeen the various portions of the program, 
and therefore cannot perform the most e?icient optimiza 
tion. Hence, optimization can only be provided in relation to 
the information gleaned from the source ?les provided to the 
compiler for compilation as opposed to the Whole program. 
One speci?c type of optimization that can be performed is 

short data optimization. As is knoWn in the art, the compiler 
designates the global program data as either short data or 
long data. Short data have shorter addressing sequences and 
therefore can be accessed by a processor more directly 
during program execution. Long data, on the other hand, can 
only be accessed by ?rst referring to a data linkage table 
stored in the short data area to obtain the address of the long 
data Within the long data area. Accordingly, accessing long 
data involves an extra indirection that sloWs program execu 
tion. In vieW of this fact, it is desirable to designate as much 
data as possible as short data to increase execution speed. 

Although greater performance can be obtained by placing 
more data in the short data area, there are limitations as to 
hoW much data can be designated as short data that are 
imposed by any given system architecture. In particular, the 
data references are encoded in program instructions using 
offsets. Because there is a limited number of bits that may 
be used to encode the offsets, if information regarding the 
location of a given piece of data requires more bits than are 
available for a single instruction (e.g., 32 bit instruction), 
multiple instructions are required to refer to the given data, 
thereby reducing program performance by requiring execu 
tion of more instructions. Therefore, to avoid this situation, 
an indirection is used to identify the location of the sought 
data. The size limitations of the short data area translate into 
a limited amount of data that may be designated as short 
data. By Way of example, only 4 megabytes (MB) of data 
may be allocated to the short data area Without over?owing 
the short data area and generating a link-time error. 

In conventional systems, short data area over?oW is 
normally avoided by arbitrarily designating all data having 
size beloW a given threshold as short data. For example, any 
piece of data equal to or less than 8 bytes may be designated 
as short data and allocated to the short data area. Although 
this approach typically is effective in avoiding exceeding the 
constraints of the short data area, it often results in underuti 
lization of the available short data area, i.e., results in less 
data being designated as short data than is possible. By Way 
of example, this approach may only result in approximately 
1 MB of short data. This, in turn, results in more data being 
designated as long data and therefore sloWs execution of the 
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2 
compiled program. To more effectively utilize the short data 
area, the Whole program must be considered. In particular, 
the sizes of each piece of data of the program, as Well as the 
size of any tables to be stored Within the short data area, 
must be considered. 

In recognition of the limited amount of optimization that 
is obtainable using conventional techniques, several solu 
tions have been proposed. In one such solution, aggressive 
assumptions are made as to the nature of the program that is 
to be compiled and are applied by the compiler during the 
compilation process. The problem With this approach, hoW 
ever, is that it is only as accurate as the assumptions that are 
made. Accordingly, if the assumptions are Wrong, the pro 
gram may not be optimized to its greatest extent or, in some 
cases, compilation errors Will be encountered. 

In another solution, attempts are made to approximate 
Whole program analysis by creating a database for various 
libraries that contain object ?les. The compiler is con?gured 
to query the database for information about the object ?les 
and, presumably, uses this information to optimize the 
program. This approach fails to provide true Whole program 
analysis, hoWever, in that the database is built When the 
various program libraries are built and therefore can only 
provide information as to knoWn system libraries. Accord 
ingly, the approach is ineffective for gathering information 
contained in user provided libraries. Moreover, problems 
exist With regard to hoW to build the database and keep it up 
to date. 

With particular regard to short data optimization, trial and 
error may be used by arbitrarily designating all data of a 
given size as short data. HoWever, this approach is inef?cient 
in that several attempts at compilation and linking may be 
necessary to fully optimize the available short data area 
Without exceeding the short data area limitations. 

SUMMARY 

The present disclosure relates to Whole program analysis 
and, more particularly, short data optimization obtained 
through Whole program analysis. In one embodiment, short 
data optimization is achieved by analyzing the program to 
estimate the size of existing short data and the size of any 
linkage tables, providing the size estimates to a compiler that 
is to compile the program, and compiling the program With 
the compiler in vieW of the size estimates such that a 
relatively large amount of data is allocated to a short data 
area. 

In another embodiment, short data optimization is 
achieved by translating source objects of the program into 
intermediate objects using a compiler, providing the inter 
mediate objects to a linker, analyzing portions of the pro 
gram about Which the compiler has no knoWledge using the 
linker to estimate the size of existing short data and the size 
of any linkage tables, passing the intermediate objects back 
to the compiler, providing the size estimates the compiler, 
and translating the intermediate objects into real objects With 
the compiler in reference the size estimates generated by the 
linker so as to optimize utilization of a short data area. 

In a further embodiment, short data optimization is 
achieved by translating source ?les of the program into 
intermediate objects With a compiler, providing the inter 
mediate objects to a linker, analyzing substantially all por 
tions of the program about Which the compiler has no 
knoWledge using the linker to estimate the size of existing 
short data and the size of any linkage tables, passing the 
intermediate objects back to the compiler, providing the size 
estimates the compiler via a feedback plug-in that includes 
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interfaces that the compiler and the linker can call, trans 
lating the intermediate objects into real objects With the 
compiler in reference the siZe estimates generated by the 
linker, Wherein the translating comprises determining the 
amount of short data that has already been allocated and 
calculating an estimated threshold for all other short data so 
as to utiliZe substantially as much of the short data area as 
possible, and linking the real objects using the linker to 
generate an executable program. 

The disclosure further relates to systems for optimiZing 
programs. In one embodiment, a system comprises compil 
ing means for compiling the program in vieW of siZe 
estimates of short data and linkage tables of the program, 
linking means for analyZing the program to estimate the siZe 
of existing short data and the siZe of any linkage tables, and 
feedback means for providing the siZe estimates generated 
by the linking means to the compiling means for reference 
during compilation so that a short data area can be opti 
miZed. 

In another embodiment, a system comprises a compiler 
con?gured to translate source objects of the program into 
intermediate objects, a linker con?gured to analyZe portions 
of the program about Which the compiler has no knoWledge 
to estimate the siZe of existing short data and the siZe of any 
linkage tables, and a feedback plug-in that includes inter 
faces that can be called by the compiler and the linker, the 
feedback plug-in facilitating communication of the siZe 
estimates of the linker to the compiler. 

In a further embodiment, a system comprises logic con 
?gured to translate source objects of the program into 
intermediate objects, logic con?gured to translate interme 
diate objects into real objects, logic con?gured to analyZe 
the program to estimate a present consumption of a short 
data area, and logic con?gured to facilitate communication 
of the consumption estimate to the logic con?gured to 
translate the intermediate objects into real objects. 

Furthermore, the disclosure relates to a translator/opti 
miZer. In one embodiment, a translator/optimizer comprises 
a compiler con?gured to translate source objects of the 
program into intermediate objects and intermediate objects 
into real objects, the compiler including a short data esti 
mator con?gured to estimate the siZe of data to be allocated 
to a short data area, a linker con?gured to analyZe portions 
of the program about Which the compiler has no knoWledge 
to estimate the siZe of existing short data and the siZe of any 
linkage tables and to link real objects together to generate an 
executable program, the linker including a short data esti 
mator con?gured to estimate the siZe of existing short data 
and linkage tables during a ?rst pass of the linker, and a 
feedback plug-in that includes interfaces that can be called 
by the compiler and the linker, the feedback plug-in facili 
tating communication of the siZe estimates of the linker to 
the compiler. 

Moreover, the disclosure relates to a plug-in for facilitat 
ing short data optimiZation. In one embodiment, the plug-in 
comprises a plurality of interfaces that can be called by 
function pointers of a compiler and a linker, a ?rst interface 
facilitating communication to the compiler that a ?rst pass of 
the linker has been completed to thereby indicate that Whole 
program analysis has been performed to collect information 
on existing short data and linkage tables, a second interface 
facilitating communication to the linker to provide the 
collected information to the compiler, Wherein the compiler 
can then compile the program using the information col 
lected from the linker so as to fully utiliZe a short data area 
of the program. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an example system 
for providing Whole program analysis. 

FIG. 2 is a block diagram of an example computer system 
on Which a translator/optimizer shoWn in FIG. 1 can be 
executed. 

FIG. 3 is a How diagram that illustrates an example of 
operation of the translator/optimizer in compiling and opti 
miZing a source program. 

FIGS. 4A-4C provide a How diagram that illustrates an 
example of operation of the translator/optimizer in compil 
ing and short data optimiZing a source program. 

FIG. 5 is a How diagram that illustrates a method for 
optimiZing a program. 

DETAILED DESCRIPTION 

Disclosed are systems and methods for performing Whole 
program analysis. Through this analysis, more effective 
optimiZation of a source program can be achieved during the 
compilation and linking phases of the program translation 
process. With the disclosed systems and methods, feedback 
is provided from the linker to the compiler to provide the 
compiler With more information about the program during 
compilation. As is discussed in greater detail beloW, this 
feedback is made possible by the provision of a set of 
interfaces that permit the compiler and the linker to com 
municate With each other. In that the linker has access to the 
entire program, more effective optimiZation can be obtained. 

In one aspect, short data optimiZation can be performed in 
that the linker has access to all program data, including that 
contained in all real objects, and has knoWledge of the 
overhead (e.g., linkage tables produced by the linker) that 
must be taken into account in optimiZing the short data area. 
By providing this information to the compiler, the compiler 
can estimate the amount of short data that already has been 
allocated and calculate a threshold of the remaining data to 
be allocated to the short data area. Through this process, the 
short data area can be fully utiliZed Without exceeding its 
limitations, thereby resulting in a more ef?cient compiled 
program. In that this optimiZation is automatic, there is no 
need to specify initial short data thresholds or create and 
maintain library databases. 

Although the disclosed systems and methods are 
described in detail, it Will be appreciated that they are 
provided for purposes of illustration only and that various 
modi?cations are feasible Without departing from the inven 
tive concepts. After the description of the example systems, 
examples of operation of the systems are provided to explain 
the manners in Which optimiZation can be facilitated. 

With reference to FIG. 1, illustrated is an example system 
With Which Whole program analysis can be achieved. As 
indicated in FIG. 1, the system 100 comprises a translator/ 
optimiZer 102 that is used to translate and optimiZe a source 
program 104 into an object program in machine code. The 
translator/optimizer comprises a compiler 106, a linker 108, 
and a feedback plug-in 110, Which facilitates communica 
tions betWeen the compiler and the linker. The compiler 106 
is con?gured to translate source ?les 112 of the source 
program 104 into intermediate objects and object ?les. 
During this compilation, various data are designated as short 
or long data and therefore allocated to a short data area 114 
and a long data area 116, respectively, of a global data area 
118. As indicated in FIG. 1, the compiler 106 includes a set 
of function pointers 120 that, as is discussed in greater detail 
beloW, are used to select interfaces comprised by the feed 
back plug-in 110 used to communicate With the linker 108. 
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In addition, the compiler 106 includes a short data estimator 
122 that is used to estimate hoW much data may be allocated 
to the short data area 114. The estimator 122 therefore 
typically comprises one or more algorithms that calculate a 
short data estimate. 
The linker 108 is con?gured to link the various object ?les 

compiled by the compiler 106 into an executable program. 
As shoWn in the ?gure, the linker 108 includes its oWn set 
of function pointers 124 that, as is discussed beloW, are used 
to select interfaces of the feedback plug-in 110 to commu 
nicate With the compiler 106. In that the linker 108 vieWs the 
entire program, the linker is capable of gathering informa 
tion from various sources that are unknoWn to or inacces 
sible by the compiler 106. Accordingly, the linker 106 may 
gather information contained Within various program librar 
ies 126 (including archive libraries 128 and shared libraries 
130), real objects 132, initialiZed global data 134, and 
common data 136. Through the linking process, the linker 
108 generates tables, including a data linkage table 138 and 
a procedural linkage table 140, that Will be allocated to the 
short data area 114. 
As is further indicated in FIG. 1, the system 100 includes 

data allocation rules 142 that are folloWed by linker 108 in 
gathering information about the program. In order for the 
compiler 106 to make proper use of the information that is 
provided to it by the linker 108, the compiler has its oWn 
copy of the data allocation rules 144. As depicted in the 
?gure, these sets of rules 142, 144 may be provided separate 
from the linker 108 and compiler 106. Alternatively, hoW 
ever, they may be incorporated into the linker 108 and 
compiler 106, if desired. 

The feedback plug-in 110 comprises a dynamically load 
able library (DLL) that contains the various interfaces 
(application programming interfaces (APIs)) used by the 
compiler 106 to access the linker 108, and vice versa. The 
plug-in 110 is typically formed as a separate module that is 
dynamically loaded by the linker 108. Once loaded, the 
various interfaces are “hooked” into the linker 108 at 
strategic points during the linking process to override or 
supplement standard linker behavior and to permit insertion 
of dynamically-generated information into the linking pro 
cess. During operation, the plug-in 110 can select the events 
it Will see. As each event is delivered to the plug-in 110, the 
linker 108 provides a set of callback interfaces that the 
plug-in can use to observe or modify the current state of the 
linking process. 
When the plug-in 110 is loaded, the linker 108 invokes an 

initialization routine in the plug-in. This routine registers a 
plug-in extension With the linker 108, selects the set of 
events that should be delivered, and supplies a table of 
pointers to functions that implement the plug-in interfaces. 
During the ?rst link pass, the events that can be delivered to 
the plug-in include opening of an input ?le and closing of an 
input ?le. If the input ?le type is supported by the plug-in 
110 rather than the linker 108, the linker delivers a “?rst 
pass scan” event to the plug-in. 

At the end of the ?rst link pass, the linker 108 delivers an 
“end ?rst pass” event to the plug-in 110. At this point, the 
plug-in 110 has the opportunity to contribute additional ?rst 
pass data to the link. At the conclusion of the end-of-pass 
processing after pass 1 and immediately prior to the second 
link pass, the linker 108 delivers a “begin second pass” event 
to the plug-in 110. During the second link pass, the events 
that can be delivered to the plug-in 110 include opening of 
an input ?le and closing of an input ?le. If the input ?le type 
is supported by the plug-in 110 rather than the linker 108, the 
linker delivers a “second-pass scan” event to the plug-in. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
Finally, at the conclusion of the second pass, the linker 108 
delivers an “end second pass” event to the plug-in 110. 

During plug-in extension loading, the linker 108 reads a 
plug-in con?guration ?le that typically comprises a simple 
line-oriented ASCII ?le that contains three ?elds separated 
by White space: a plug-in identi?er, a plug-in type, and a ?le 
name. The plug-in identi?er is a unique identi?er associated 
With the plug-in 110 for use in command-line options. The 
plug-in type indicates hoW the plug-in 110 should be loaded: 
alWays, only When a command-line option invokes it, or 
only When an unknoWn input ?le type is encountered. The 
linker 108 loads the plug-in extension With an appropriate 
function, such as dlopen( ). The linker 108 then uses 
dlsym( ) to ?nd an entry point With the name init, and calls 
it. This entry point can have an interface in the form: 
plug_in_vector_t * init(linker_vector_t *linker_vector). The 
types plug_ in_vector_t and linker_vector_t de?ne the tables 
of function pointers that are used for all interface calls from 
the linker 108 to the plug-in 110, and from the plug-in to the 
linker, respectively. The init routine returns a pointer to its 
plug_in_vector_t structure. The ?rst member of this struc 
ture is a mask indicating Which events should be delivered 
to the plug-in 110. The remainder of the members are 
pointers to functions that handle each event. Function point 
ers corresponding to nondelivered events may be NULL, 
and all others must be valid. 

The various interfaces that may be used by the linker 108 
Will noW be discussed. Several ?rst-pass events interfaces 
can be called to deliver events that occur during the linker’s 
?rst pass over the input ?les. In the ?rst pass, the linker 108 
collects symbol table and section siZe information, and it 
makes a preliminary scan over the relocations to collect 
information about short format procedure calls and refer 
ences through the linkage tables. When ?rst-pass events are 
delivered, error-reporting, ?le handle, linker symbol table, 
and ?rst-pass callback interfaces are available. Just before 
the ?rst pass begins, the linker 108 delivers a beginning-of 
pass event to the plug-in through the pass1_begin interface: 
void pass1_begin( ). Whenever an input ?le is opened during 
the ?rst pass, an event is delivered to each plug-in 110 
through the pass1_open interface: void pass1_open(?le_ 
handle_t handle). The handle can be used for obtaining the 
?le name and determining the type of input ?le, and it may 
be saved for use later in the ?rst pass. For example, the 
plug-in 110 may keep a list of the handles of archive 
libraries, and selectively re-scan them at the end of the ?rst 
pass. 

If an input ?le is associated With the particular plug-in 
110, an event is delivered to the plug-in through the 
pass1_scan interface: void pass1_scan(?le_handle_t 
handle). The handle can be used for reading the contents of 
the ?le. At this point, processing for a typical object ?le 
Would deliver information to the linker including, for 
example, central processing unit (CPU) type, revision level, 
and extension bits required by object code in the module; 
global symbols de?ned in and referenced by the module; 
names of local symbols de?ned in the module; names and 
siZes of sections in the module, With relocations for each 
section; and note sections. If the plug-in 110 has any object 
code or data to contribute to the link, it may use the callback 
interfaces to deliver this information in response to this 
event, or it may choose to Wait until the end of the ?rst pass. 

Whenever an input ?le is closed during the ?rst pass, an 
event is delivered to the plug-in 110 through the pass1_close 
interface: void pass1_close(?le_handle_t handle). At the end 
of the ?rst pass, before any betWeen-pass processing has 
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begun, the linker 108 delivers an end-of-pass event to the 
plug-in 110 through the pass1_end interface: void 
pass1_end( ). The plug-in 110 may at this point deliver 
symbol and section information to the linker 108, and it may 
also initiate the ?rst-pass processing of additional object 
?les. 

Several second pass events interfaces may also be called 
to deliver events that occur during the linker’s second pass 
over the input ?les. When second-pass events are delivered, 
error-reporting, ?le handle, linker symbol table, and second 
pass callback interfaces are available. Just before the second 
pass begins, the linker 108 delivers a beginning-of-pass 
event to the plug-in 110 through the pass2_begin interface: 
void pass2_begin( ). Whenever an input ?le is opened during 
the second pass, an event is delivered to the plug-in 110 
through the pass2_open interface: void pass2_open(?le_ 
handle_t handle). If an input ?le is associated With the 
plug-in 110, an event is delivered only to the plug-in through 
the pass2_scan interface: void pass2_scan(?le_handle_t 
handle). The handle can be used for reading the contents of 
the ?le. At this point, processing for a typical object ?le 
Would deliver information to the linker 108 including all 
local symbols de?ned in the module and the contents of each 
section in the module. If the plug-in 110 has any object code 
or data to contribute to the link, it may use the callback 
interfaces to deliver this information in response to this 
event, or it may choose to Wait until the end of the second 
pass. 

Whenever an input ?le is closed during the second pass, 
an event is delivered to the plug-in 110 through the 
pass2_close interface: void pass2_close(?le_handle_t 
handle). At the end of the second pass, the linker 108 
delivers an end-of-pass event to the plug-110 in through the 
pass2_end interface: void pass2_end( ). The plug-in 110 may 
at this point deliver local symbols and section contents to the 
linker 108, and may also initiate the second-pass processing 
of any additional object ?les that the plug-in introduced at 
the end of the ?rst pass. 

Linker callback interfaces are provided by the linker 108 
for use by the plug-in extension. The callback interfaces are 
grouped into various sets that may be used by the plug-in 
110, varied by the type of event delivered. The availability 
of each callback set is listed explicitly for each group of 
events. Linker option interfaces are available for plug-in 
initialization routines and argument list event handlers. A set 
option interface may be used to set a linker option. The effect 
is the same as if the given option Were present on the linker 
command-line. This function can take the form: void set_ 
option(char *option, char *opt_parm). The option parameter 
contains the option sentinel character (e.g., ‘—’ or ‘+’), 
folloWed immediately by the option letter(s). If the option 
requires a secondary parameter, it can be given as the 
opt_parm parameter; otherwise, the second parameter 
should be NULL. If a set option interface is called to add a 
library search option during the handling of an input ?le 
name or input library event, the neW input library name is 
added before (or in place of, depending on the disposition) 
the ?le name for Which the event Was delivered. No events 
are delivered to the plug-in 110 for the neW ?le name. 
An add ?le name interface may be used to add a neW ?le 

name to the linker argument list. This may be an additional 
?le name, or a replacement for an existing ?le name listed 
on the original command line. This interface can take the 
form: void set_option(char *option, char *opt_parm). If 
called during the handling of an input ?le name or input 
library event, the neW input ?le name is added before (or in 
place of, depending on the disposition) the ?le name for 
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Which the event Was delivered. No events are delivered to 
the plug-in 110 for the neW ?le name. 

Linker symbol table interfaces can also be provided to 
alloW the plug-in 110 to make inquiries of the linker’s global 
symbol table. A symbol table iterator interface provides 
sequential access to the linker symbol table. This interface 
can take the form: plug-in_symbol_iterator_t get_symbol_ 
iterator( ). The iterator interface provides access to linker 
symbol structures Which can be queried about various sym 
bol properties such as Whether a symbol is a function or a 
data, Whether it is de?ned or unde?ned, Whether it is de?ned 
statically or dynamically, Whether it is a common symbol, 
Whether it has linkage table entries, Whether it has static 
and/or dynamic references, Whether a symbol is hidden/ 
protected/preemptible, etc. Various other interfaces can be 
provided. For example, an interface to inquire Whether an 
executable or a shared library is being built and an interface 
to provide the siZe of the short data area can both be used by 
the plug-in 110 to perform more aggressive optimizations. 
Additionally, the plug-in 110 comprises a get_short_data_ 
siZe( ) linker callback used by the compiler 106 to obtain the 
data collected by the linker 108 completes its analysis after 
its ?rst pass. 

FIG. 2 is a schematic vieW illustrating an example archi 
tecture for a computer system 200 on Which the translator/ 
optimiZer 102 can execute. Generally speaking, the com 
puter system 200 can comprise any one of a Wide variety of 
Wired and/or Wireless computing devices, such as a desktop 
computer, portable computer, dedicated server computer, 
multi-processor computing device, cellular telephone, per 
sonal digital assistant (PDA), handheld or pen-based com 
puter, and so forth. Irrespective its speci?c arrangement, the 
computer system 200 can, for instance, comprise a process 
ing device 202, memory 204, one or more user interface 
devices 206, a display 208, one or more input/output (I/O) 
devices 210, and one or more netWorking devices 212, each 
of Which is connected to a local interface 214. 
The processing device 202 can include any custom made 

or commercially available processor, a CPU or an auxiliary 
processor among several processors associated With the 
computer system 200, a semiconductor based microproces 
sor (in the form of a microchip), a macroprocessor, one or 
more application-speci?c integrated circuits (ASlCs), a plu 
rality of suitably con?gured digital logic gates, and other 
Well knoWn electrical con?gurations comprising discrete 
elements both individually and in various combinations to 
coordinate the overall operation of the computing system. 
The memory 204 can include any one of a combination of 

volatile memory elements (e.g., random access memory 
(RAM, such as DRAM, SRAM, etc.)) and nonvolatile 
memory elements (e.g., ROM, hard drive, tape, CDROM, 
etc.). The memory 204 typically comprises an 0/8 216, the 
source program 104, and the translator/optimizer 102, Which 
has already been described in detail. Persons having ordi 
nary skill in the art Will appreciate that the memory 204 can 
comprise other components Which have been omitted for 
purposes of brevity. 

The one or more user interface devices 206 comprise 
those components With Which the user can interact With the 
computing system 200. For example, Where the computing 
system 200 comprises a personal computer (PC), these 
components can comprise a keyboard and mouse. Where the 
computing system 200 comprises a handheld device (e.g., 
PDA, mobile telephone), these components can comprise 
function keys or buttons, a touch-sensitive screen, a stylus, 
etc. The display 208 can comprise a computer monitor for a 
PC or a liquid crystal display (LCD) for a handheld device. 
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With further reference to FIG. 2, the one or more I/O 
devices 210 are adapted to facilitate connection of the 
computing system 200 to another system and/or device and 
may therefore include one or more serial, parallel, small 
computer system interface (SCSI), universal serial bus 
(USB), IEEE 1294 (e.g., FireWireTM), and/or personal area 
netWork (PAN) components. The netWork interface devices 
212 comprise the various components used to transmit 
and/or receive data over a netWork. By Way of example, the 
netWork interface devices 212 include a device that can 
communicate both inputs and outputs, for instance, a modu 
lator/demodulator (e.g., modem), Wireless (e.g., radio fre 
quency (RF)) transceiver, a telephonic interface, a bridge, a 
router, netWork card, etc. 

Various softWare and/or ?rmware has been described 
herein. It is to be understood that this softWare and/or 
?rmware can be stored on any computer-readable medium 
for use by or in connection With any computer-related 
system or method. In the context of this document, a 
computer-readable medium denotes an electronic, magnetic, 
optical, or other physical device or means that can contain 
or store a computer program for use by or in connection With 
a computer-related system or method. These programs can 
be embodied in any computer-readable medium for use by 
or in connection With an instruction execution system, 
apparatus, or device, such as a computer-based system, 
processor-containing system, or other system that can fetch 
the instructions from the instruction execution system, appa 
ratus, or device and execute the instructions. In the context 
of this document, a “computer-readable medium” can be any 
means that can store, communicate, propagate, or transport 
the program for use by or in connection With the instruction 
execution system, apparatus, or device. 

The computer-readable medium can be, for example but 
not limited to, an electronic, magnetic, optical, electromag 
netic, infrared, or semiconductor system, apparatus, device, 
or propagation medium. More speci?c examples (a nonex 
haustive list) of the computer-readable medium include an 
electrical connection having one or more Wires, a portable 
computer diskette, a random access memory (RAM), a 
read-only memory (ROM), an erasable programmable read 
only memory (EPROM, EEPROM, or Flash memory), an 
optical ?ber, and a portable compact disc read-only memory 
(CDROM). Note that the computer-readable medium can 
even be paper or another suitable medium upon Which a 
program is printed, as the program can be electronically 
captured, via for instance optical scanning of the paper or 
other medium, then compiled, interpreted or otherWise pro 
cessed in a suitable manner if necessary, and then stored in 
a computer memory. 

The general nature of the system 100 having been 
described above, an example of operation of the system Will 
noW be discussed With reference to FIGS. 3 and 4. In 
describing this operation, ?oW diagrams are provided. It is 
to be understood that any process steps or blocks in this 
disclosure represent modules, segments, or portions of code 
that include one or more executable instructions for imple 
menting speci?c logical functions or steps in the process. It 
Will be appreciated that, although particular example process 
steps are described, alternative implementations are feasible. 
Moreover, steps may be executed out of order from that 
shoWn or discussed, including substantially concurrently or 
in reverse order, depending on the functionality involved. 

FIG. 3 illustrates a high-level example of operation of the 
translator/optimizer 102 in providing Whole program analy 
sis. Beginning With block 300, the compiler 106 analyZes the 
source ?les 112 that have been provided to the compiler for 
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10 
compilation. Through this analysis, the compiler 106 trans 
lates the source ?les 112 into intermediate objects, as 
indicated in block 302, and these intermediate objects are 
provided to the linker 108, as indicated in block 304. The 
linker 108 analyZes the Whole program including the inter 
mediate objects, all libraries, real objects, initialiZed global 
data, and common data to collect information about the 
program that Will be provided to the compiler 106 so that the 
program can be optimiZed in some manner during the ?nal 
compilation process. 

Next, With reference to block 308, the linker 108 returns 
the intermediate objects to the compiler 106, and, as indi 
cated in block 310, feedback is provided to the compiler via 
the feedback plug-in 110, the feedback comprising at least 
part of the information gleaned by the linker during the 
analysis conducted in block 306. Once this feedback has 
been provided to the compiler 106, the compiler completes 
the translation of the intermediate objects to generate real 
objects, as indicated in block 312. At this point, the real 
objects are linked together by the linker 108 to produce an 
executable program, as indicated in block 314. 

FIG. 4 provides a more detailed example of operation of 
the translator/optimizer 102 in providing Whole program 
analysis. More particularly, FIG. 4 provides an example of 
the translator/optimizer 102 in providing short data optimi 
Zation through Whole program analysis. Beginning With 
block 400 of FIG. 4A, the compiler 106 ?rst analyZes source 
?les 112 so as to divide the source ?les into various source 
objects, as indicated in block 402, and classi?es them as 
operators, constants, separators, or identi?ers. Next, With 
reference to block 404, the compiler 106 analyZes the source 
objects for syntax. During this process, the grammatic 
structure of the program is analyZed to determine if it 
contains any syntax errors, and the various source objects 
are arranged into a syntax tree to denote the program’s 
syntactic structure. 
With reference to decision block 406, if no syntax errors 

are detected by the compiler 106, How continues doWn to 
block 412 described beloW. If, on the other hand, one or 
more syntax errors are detected, ?oW continues to block 408 
at Which the syntax errors are reported to the user so that 
they may be corrected. With regard to decision block 410, if 
the syntax errors are corrected, ?oW continues to block 412; 
otherWise ?oW returns to block 408 at Which the remaining 
(or any neW) syntax errors are reported. At block 412, the 
compiler 106 performs semantic analysis on the source 
objects during Which one or more How graphs, call graphs, 
and tables may be generated. 
The compiler 106 next translates the source objects into 

an intermediate representation to produce intermediate 
objects, as indicated in block 414. With reference to block 
416 of FIG. 4B, the real and intermediate objects are then 
provided to the linker 108. Of these objects, only the 
intermediate objects are provided, and therefore knoWn, by 
the compiler 106. The linker 108, and more particularly the 
linker short data estimator 125, then analyZes all libraries 
126 (including archive and shared libraries 128 and 130) and 
all real objects 132 to determine the siZe of any short data 
contained therein, as indicated in block 418. Notably, a 
single short data estimate or separate short data estimates 
may be generated. Once this has been accomplished, the 
estimated siZe(s) of these data can be stored, as indicated in 
block 420. Next, With reference to block 422, the linker 108 
estimates the siZes of the linkage tables. To accomplish this, 
the linker 108 determines if a linkage table entry is needed 
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by a certain symbol based on several factors, such as symbol 
preemptability and types of references to that symbol. The 
siZe of a linkage table then is calculated by multiplying the 
number of entries in the table by the entry siZe. These 
linkage tables include the data linkage table 138, Which Will 
be stored in the short data area 114 and used to access long 
data and any preemptable data, and the procedure linkage 
table 140, Which Will also be stored in the short data area and 
Will be used to access function calls that are contained in 
separate load modules. The siZes of these linkage tables are 
then stored by the linker 108, as indicated in block 424. 
Referring next to block 426, the linker 108 analyZes all 
initialiZed global data 134 and all common data 136 to 
estimate the siZe(s) of short data contained therein. Again, in 
block 428, the estimated siZe(s) of the data is stored. 

Referring noW to block 430 of FIG. 4C, the linker 108 
communicates to the compiler 106, via the feedback plug-in 
110, that the ?rst pass analysis is complete, thereby indicat 
ing that the Whole program analysis has been conducted and 
that various pieces of information regarding the Whole 
program are available to the compiler for use in the ?nal 
phase of program compilation. Once this communication 
has been sent by the linker 108, the linker passes the 
intermediate objects to the compiler 106, as indicated in 
block 432, and, When the information collected by the linker 
is needed, the compiler 106 queries the linker for the various 
information, as indicated in block 434. In particular, the 
compiler 106 calls the get_short_data_siZe( ) linker callback 
of the plug-in 110 using the compiler function pointers 120 
to obtain the short data information. 

Next, in block 436, the compiler 106 estimates hoW much 
data may be designated as short data in vieW of the short data 
and linkage table siZe estimates made by the linker 108. In 
particular, the compiler 106 determines the amount of the 
short data area 114 that has already been consumed and then 
calculates, using the compiler short data estimator 122, an 
estimated threshold for all other short data so as to utiliZe as 

much of the short data area as possible. As noted above, this 
threshold is calculated With reference to the data allocation 
rules 144 so that the information provided by the linker 108 
is properly evaluated. These rules may include rules as to 
When the linker 108 allocates linkage tables, hoW the linker 
lays out common data, What algorithm the linker uses to 
determine the siZe of the linkage tables, etc. Through this 
process, more data Will be designated as short data than in 
previous solutions due to the feedback provided by the 
linker 108 after it conducts its Whole program analysis. 

With reference then to block 438, the compiler 106 
generates all real objects and allocates data as short data or 
long data. Once all the real objects have been generated, they 
are then be linked together by the linker 108, as indicated in 
block 440, to produce an executable, short data optimiZed 
program. In that a greater amount of the short data area 114 
is utiliZed due to the performed optimiZation, the resultant 
program can be executed With greater speed. 

A program optimiZation method is summarized in the 
How diagram 500 of FIG. 5. As indicated in this ?gure, an 
optimiZation method comprises analyZing a program to 
estimate the siZe of existing short data and the siZe of any 
linkage tables (502), providing the siZe estimates to a 
compiler that is to compile the program (504), and compil 
ing the program With the compiler in vieW of the siZe 
estimates such that a relatively large amount of data is 
allocated to a short data area (506). 
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The invention claimed is: 
1. A method for short data optimiZing a program, com 

prising: 
translating source objects of the program into intermedi 

ate objects using a compiler; 
providing the intermediate objects to a linker; 
analyZing With the linker portions of the program about 

Which the compiler has no knoWledge to estimate the 
siZe of existing short data and the siZe of any linkage 
tables; 

passing the intermediate objects back to the compiler; 
providing the siZe estimates to the compiler via a feed 

back plug-in comprising interfaces that are called by 
the compiler and the linker; and 

translating the intermediate objects into real objects With 
the compiler in reference to the siZe estimates gener 
ated by the linker so as to optimiZe utiliZation of a short 
data area. 

2. The method of claim 1, Wherein the portions include at 
least one of libraries, real objects, initialiZed global data, and 
common data. 

3. A method for compiling a program so as to short data 
optimiZe the program, comprising: 

translating source ?les of the program into intermediate 
objects With a compiler; 

providing the intermediate objects to a linker; 
analyZing With the linker substantially all portions of the 

program about Which the compiler has no knoWledge to 
estimate the siZe of existing short data and the siZe of 
any linkage tables; 

passing the intermediate objects back to the compiler; 
providing the siZe estimates to the compiler via a feed 

back plug-in that comprises a dynamically-loaded 
library that includes application programming inter 
faces (APIs) that the compiler and the linker call; 

translating the intermediate objects into real objects With 
the compiler in reference to the siZe estimates gener 
ated by the linker, Wherein the translating comprises 
determining the amount of short data that has already 
been allocated and calculating an estimated threshold 
for all other short data so as to utiliZe substantially as 
much of the short data area as possible; and 

linking the real objects using the linker to generate an 
executable program. 

4. The method of claim 3, Wherein the portions include 
each of libraries, real objects, initialiZed global data, and 
common data. 

5. A system for optimiZing a program, comprising: 
compiling means for compiling the program in vieW of 

siZe estimates of short data and linkage tables of the 
Program; 

linking means for analyZing the program to estimate the 
siZe of existing short data and the siZe of any linkage 
tables about Which the compiling means has no knoWl 
edge; and 

feedback means comprising interfaces that are called by 
the compiling means and the linking means for pro 
viding the siZe estimates generated by the linking 
means to the compiling means for reference during 
compilation so that a short data area is optimiZed by the 
compiling means relative to short data about Which the 
compiling means had no knoWledge. 

6. The system of claim 5, Wherein the feedback means 
comprises a feedback plug-in. 

7. A system stored on computer readable memory for 
optimiZing a program, comprising: 
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a compiler con?gured to translate source objects of the 
program into intermediate objects; 

a linker con?gured to analyze portions of the program 
about Which the compiler has no knowledge to estimate 
the siZe of existing short data and the siZe of any 
linkage tables; and 

a feedback plug-in that includes interfaces that are called 
by the compiler and the linker, the feedback plug-in 
facilitating communication of the siZe estimates of the 
linker to the compiler for reference during compilation 
so that a short data area is optimiZed by the compiler 
relative to information about the existing short data and 
linkage tables. 

8. The system of claim 7, Wherein the compiler is further 
con?gured to translate intermediate objects into real objects. 

9. The system of claim 7, Wherein the compiler comprises 
a short data estimator con?gured to estimate the siZe of data 
to be allocated to a short data area. 

10. The system of claim 7, Wherein the compiler com 
prises a function pointer that is con?gured to call an inter 
face of the feedback plug-in to request short data and linkage 
table siZe estimates. 

11. The system of claim 7, Wherein the linker is further 
con?gured to link real objects together to generate an 
executable program. 

12. The system of claim 7, Wherein the linker comprises 
a short data estimator con?gured to estimate the siZe of 
existing short data and linkage tables during a ?rst pass of 
the linker. 

13. The system of claim 7, Wherein the linker comprises 
a function pointer that is con?gured to call an interface of the 
feedback plug-in to signal completion of a ?rst pass. 

14. A translator/optimizer stored on computer readable 
memory, comprising: 

a compiler con?gured to translate source objects of the 
program into intermediate objects and intermediate 
objects into real objects, the compiler including a short 
data estimator con?gured to estimate the siZe of data to 
be allocated to a short data area; 

a linker con?gured to analyZe portions of the program 
about Which the compiler has no knoWledge to estimate 
the siZe of existing short data and the siZe of any 

20 

25 

30 

35 

40 

14 
linkage tables and to link real objects together to 
generate an executable program, the linker including a 
short data estimator con?gured to estimate the siZe of 
existing short data and linkage tables during a ?rst pass 
of the linker; and 

a feedback plug-in that includes interfaces that are called 
by the compiler and the linker, the feedback plug-in 
facilitating communication of the siZe estimates of the 
linker to the compiler for reference during compilation 
so that a short data area is optimiZed by the compiler 
relative to the linker siZe estimates. 

15. The translator/optimizer of claim 14, Wherein the 
compiler further comprises a function pointer that is con 
?gured to call an interface of the feedback plug-in to request 
short data and linkage table siZe estimates. 

16. The translator/optimizer of claim 14, Wherein the 
linker further comprises a function pointer that is con?gured 
to call an interface of the feedback plug-in to signal comple 
tion of a ?rst pass. 

17. A plug-in stored on computer-readable memory, the 
plug-in comprising: 

a plurality of interfaces that are called by function point 
ers of a compiler and a linker, a ?rst interface facili 
tating communication to the compiler that a ?rst pass of 
the linker has been completed to thereby indicate that 
Whole program analysis has been performed to collect 
information on existing short data and linkage tables, a 
second interface facilitating communication to the 
linker to provide the collected information to the com 
piler; 

Wherein the Whole program analysis includes an analysis 
of portions of the program about Which the compiler 
has no knoWledge; 

Wherein the collected information includes estimates of 
the siZes of the existing short data and linkage tables: 
and 

Wherein the compiler then compiles the program using the 
information collected from the linker so as to fully 
utiliZe a short data area of the program. 

* * * * * 
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